Generation of the third harmonic (THG) in a single process is an idea that has been around since the inception of nonlinear optics.1P3 However, since the process w +w +w --+ 3w is governed by the third order nonlinear electric susceptibility ~(~1 , the efficiency of such an interaction has been very low. To this date, the high intensities needed to drive this process has confined most research into higher order harmonic conversion to highly focused beams in gases or liquids. Recently, the increasing number of terawatt-class chirped-pulse amplification (CPA) lasers (and beyond) in recent years has made it possible to achieve very high intensities (> 100 GW/cm2) in collimated beams in solids without damaging material.
order processes giving rise to an effective nonlinear refractive i n d e~.~,~ However, experimental uncertainties in efforts to assess this contribution by measuring conversion efficiency6?' were too large to determine the relative contributions of the several processes. We were able to vary the azimuthal angle q5 in BBO and measured directly the relative contributions of x (~) and to THG in BBO for both Type I and Type I1 phasematching. Consequently, we were also able to determine relative values for the tensor element xlo , x l l , and xl6, and have achieved conversion efficienies to the third harmonic (355 nm) of up to 6%. It, has been shown4P6 that because the fundamental and third harmonic waves are in phase, A k = 0, regardless of the intervening processes, it is possible to have energy transfer to the third harmonic by two cascaded second order processes. First the second harmonic is generated (SHG) and then is summed with the fundamental to generate the third harmonic (SFG). This can occur efficiently even though neither the SHG nor the SFG process are phasematched.
Using the fact that BBO is a uniaxial crystal and so direct THG should be independent 
The values used for dz2 and d15 for BBO were 2.2 pm/V and .16 pm/V,1° respectively. The nonlinear coupling for Type I THG as a function of 4 is shown in Fig. 1 The value for CY10 can be used from the Type I measurements since this is the same crystal.
However, d33 is unknown and must be used as a parameter for the fit. We obtain a value for For both Type I and Type I1 processes, it is evident that the cascaded, second-order interactions can contribute strongly to THG. In fact, for Type I phasematching, there are configurations where it dominates over the expected third-order coupling and can lead to efficient generation of the third harmonic. major contribution to the THG observed is the cascaded process, not the third order process. Finally, Figs. 2(a) and 2(b) show conversion efficiency to the third harmonic (355 nm) from the fundamental (1055 nm) for 350 fs pulses. In both cases, efficiencies of 5-6% were achieved with saturation beginning to have an effect above 200 GW/cm2.
